Coronary artery anomalies (CAAs) may be discovered more often as incidental findings during the normal diagnostic process for other cardiac diseases or less frequently on the basis of manifestations of myocardial ischemia. The cardiovascular professional may be involved in their angiographic diagnosis, functional assessment and eventual endovascular treatment. A complete angiographic definition is mandatory in order to understand the functional effects and plan any intervention in CAAs: computed tomography and magnetic resonance imaging are useful non-invasive tools to detect three-dimensional morphology of the anomalies and its relationships with contiguous cardiac structures, whereas coronary arteriography remains the gold standard for a definitive anatomic picture. A practical idea of the possible functional significance is mandatory for deciding how to manage CAAs: non-invasive stress tests and in particular the invasive pharmacological stress tests with or without intravascular ultrasound monitoring can assess correctly the functional significance of the most CAAs. Finally, the knowledge of the particular endovascular techniques and material is of paramount importance for achieving technical and clinical success. CAAs represent a complex issue, which rarely involve the cardiovascular professional at different levels. A timely practical knowledge of the main issues regarding CAAs is important in the management of such entities.
Introduction
Coronary artery anomalies (CAAs) occur in 0.64% to 5.6% of patients undergoing coronary angiography (Table  1) . [1, 2] Anatomic details and possible pathophysiologic patterns of most CAAs are sufficiently known today, [3, 4] but they often continue to represent a challenge for cardiologists and in general for cardiovascular professionals. In this brief review, the authors have focused their attention on the management of various CAA subtypes focusing on their angiographic diagnosis, functional assessment and treatment.
Noninvasive anatomical evaluation
Most CAAs are usually incidentally discovered on coronary artery angiography, but a significant number of patients may have clinical symptoms such as thoracic pain, angina pectoris, syncope, supraventricular or suspected ventricular arrhythmias, and even cardiac arrest, depending on the anatomo-morphologic abnormalities correlated with the pathophysiology underlying the specific anomaly. Some non-invasive technique would be helpful in rule out the diagnosis. In particular, Color-flow Doppler echocardiography can be useful to detect some specific subtypes of CAA, especially in the case of ectopic origin of the left main or right coronary artery and in case of coronary artery fistula. [5] MRI and CT imaging have recently been found to be very useful, non-invasive, and effective imaging techniques for detecting single coronary artery and its course, [6] and anomalous vessels originating from the opposite sinus. [7] 
Angiographic identification: tips and tricks
Selective coronary angiography is the gold standard for the evaluation of CAAs and their anatomic and morphologic definition prior to any judgment. Differential diagnosis should be made with other coronary abnormalities such as atherosclerotic coronary ectasia and aneurysm, coronary lesions associated with Kawasaki and other arteritis, and coronary aneurysms and fistulas following coronary artery surgery.
Atresic coronary artery
It is normally correlated to congenital syndromes such as Rubeolla syndrome, Hurler's syndrome, Friederich's ataxia syndrome and normally its recognition is missed for an atherosclerotic occlusion. [8] Aortography in left anterior oblique or right anterior oblique is mandatory to confirm the diagnosis. The congenital incomplete development or stenosis of the coronary vessels, more often the left circumflex (LCx) or right coronary artery (RCA) and less frequently the left main (LM), is angiographically recognizable by the filling through the collateral circulation from the controlateral side.
Ectopic origin of the left circumflex from the right sinus or from right coronary artery
Ectopic origin of the LCx from the right sinus or from RCA represents a relatively frequent CAA ( Figure 1 ). The preferred catheter in the case of ectopic origin from the right sinus may be the modified Judkins right or the right Amplatz. When the LCx arises from the right coronary cusp or the proximal RCA, it invariably follows a retroactive course, with the LCx passing posterior around the aortic root to its normal location. On the left anterior oblique, the LCx is seen originating from the proximal RCA. The left anterior descending coronary artery (LAD) is large without LCx. In a 30° right anterior oblique view, the LCx will be seen curving in the posterior area and is seen head-on, as a dot, posterior to the aorta. [9] When the LCx originates from the proximal RCA, near the ostium, if the catheter tip is engaged too deeply, it can pass the ostium of the anomalous LCx and it can miss to opacify the LCx. 
Ectopic coronary origin from the ascending aorta
Ectopic coronary origin from the ascending aorta is suspected when the angiographer is unable to locate a coronary artery within the sinuses of Valsalva and is normally benign, its presence being important only during cardiac surgery due to the danger of accidental cross-clamping or transecting. [10] Angiography of the aorta in left anterior oblique or right anterior oblique may define the diagnosis. Preferred catheters should be multipurpose, hook or cobra diagnostic catheter. In particular cases left or right saphen vein bypass catheter may be considered.
Ectopic origin of left coronary artery or right coronary artery from the opposite sinus
The left coronary artery (LCA) originates from the oppo-site sinus, there are four pathways: the interarterial course (rare), septal course (common), the retroaortic and the anterior courses. The course of an anomalous coronary artery is confirmed by the 30° right anterior oblique view. In this projection, a dot represents the artery seen on end. The interarterial course is diagnosed by the position of the "dot" anterior to the aorta; the retroaortic, by the "dot" behind the aorta; the septal is recognized by the fish hook picture in the right anterior oblique view, because the LM goes down to the septum then comes up to the epicardium, like a fish hook (Figure 2 ). Then the LCx would curve backward and from the "eye" with the LCx as the upper border. [11] In the anterior (pathway) the LM is in front of the pulmonary artery. This pathway is recognized by the "eye" with the LM as the upper border and the LCx as the inferior border. Selective coronary angiography with previous Swan-Ganz catheter placement in the main pulmonary artery does not really help to recognize interarterial passage. When the RCA arises from the left sinus or from the proximal LM (Figure 3 ), in the right anterior oblique view, the RCA will be seen head-on, as a dot anterior to the aorta. Eventual intramural passage of the anomalous vessel within the aortic wall is visualized in cranial left anterior oblique for RCA and in cranial right anterior oblique for LCA by left Judkins catheter or right Amplatz catheter, respectively. In general, when the inter-arterial course of the anomalous vessel cannot be clearly ruled out, as frequently occurs due to the wide variety of passage of an anomalous vessel and specific cardiac anatomy, [12] coronary CT angiography is the most useful tools to visualized anomalous passage between aorta and pulmonary artery ( Figure 3 ). 
Ectopic origin of left coronary artery or right coronary artery from the pulmonary artery
Ectopic origin of LCA or RCA from the pulmonary artery in the adult these anomalies may be suspected during standard examination when cannulation in the standard position is not possible. [13] Left and right pulmonary angiography should be considered in such cases.
Coronary artery fistula
Most of the fistulas originate from the first segment of the involved coronary artery and those located in the middle or distal segment of a coronary artery usually drain into the atrial or ventricular chambers (Table 2 ). Right and left ventricular angiography, selective cannulation of the fistula as 
CAAs associated with other congenital heart diseases
Various types of CAAs are associated with other cardiac anomalies such as the tetralogy of Fallot, [14] the corrected transposition of the great arteries, [15] pulmonary atresia with intact ventricular septum, [16] criss-cross heart, [17] and many others. Obviously, it is fairly impossible to observe these congenital heart diseases reaching undiagnosed the adulthood. Occasionally, in operated adults coronary angiography might be required to assess eventual atherosclerosis: standard catheter are usually sufficient but CT may be useful in defining complex anatomy involving cardiac chamber, great vessels and coronary arteries and should considered the first choice imaging tools allowing for a global morphological study.
Functional assessment
The most frequent CAAs are usually clinically silent, [12] and are unrelated per se to myocardial ischemia and sudden death (Table 3) , although they are often observed to have various degrees of atherosclerotic disease. Clinically, angiographic detection of a coronary artery anomaly has not led to any effective recommendations for functional testing. Exercise tests can be performed in order to reproduce symptoms or electrocardiographic signs or nuclear imaging patterns of induced myocardial ischemia, but give confusing results. [12] Standard clinical sub-maximal stress-test protocols are inadequate for assessing the prognosis of most CAAs, while 48 h Holter monitoring repeated every 6-12 Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com months, or better, a subcutaneous electrocardiogram loop recording implant might be more effective. [12, 13] Finally, intravascular pressure wire, intravascular Doppler flow wire and intravascular echocardiography coupled with pharmacological stress tests should be a valid adjunct to the standard functional assessment of CAAs before planning any endovascular or surgical interventions. Special cases. (1): Myocardial bridges are likely to be prone to myocardial infarction and sudden death: [18] coronary spasm or intravascular clotting is likely to be due to additional pathophysiological changes which are capable of exacerbating neurogenic or autocrine changes in the vessels. Investigation tools now available in the catheterization lab can help to clarify the clinical relevance of such anomalies. Intravascular ultrasound demonstrates that the phasic systolic vessel compression is coupled with a persistent diameter reduction ("half moon" phenomenon), while intracoronary Doppler reveals an increased flow velocity (early diastolic "finger tip" phenomenon), a retrograde systolic flow and a reduced coronary reserve. [18] (2): Ectopic origin of LCA from the right sinus of Valsalva is differently significant depending on its origin and relationship with the aorta and pulmonary artery: "septal" subtype is the most common finding, while "between" one is rare but often dangerous. [19] Ectopic origin of the RCA from the left sinus of Valsalva, due to its route between aorta and pulmonary arteries and its occlusion during the expansion of the aorta, is a less dangerous anomaly. [20] The pathophysiology of these anomalies is complex: the proximal portion of the anomalous vessel often exits the aorta with an acute angle, creating functional or actual ostial stenosis. The proximal portion can also course between the aorta and pulmonary artery and can be impinged during exertion by pressure and volume expansion of the pulmonary artery against the aorta, causing perfusion mismatch; finally and probably most frequently, the proximal portion may course through the wall of the aorta resulting in narrowing of the lumen. Intravascular ultrasound interrogation during induced stress may be needed to assess risk of stress induced myocardial ischemia due to dynamic compression of the intramural segment of the anomalous vessel ( Figure  4 ). [21] 
Treatment notes
Surgery is preferred to correct the anomalous origin from the pulmonary artery, [22, 23] and in cases of atresic coronary artery. [24] In all the other cases, the endovascular repair is considered when the CAA is involved in coronary atherosclerosis or when the anomaly per se causes ischemia or oveload as assessed by non-invasive tests.
Guiding catheters and wires
Percutaneous angioplasty of most CAAs subtypes remains a challenge for every interventional cardiologist. Unusual take-off angles, tortuosity, inability to engage the vessel with standard guiding catheter, and needs for more stiff guidewires often results in time consumption.
It is clear that major determinants for success are guiding catheter selection and placement of the balloon catheter within the very proximal portion of the anomalous vessel to facilitate guidewire advancement. [25] It may be useful keeping in mind some technical adjustments (Table 4) . There is a wide anatomical variety of anomalous vessel origin, which is difficult to organize in rigid scheme. Left Amplatz guiding or extra-back-up guiding catheters may be preferable in case of origin form the posterior sinus, whereas left or right vein bypass guiding catheters should be used in case of origin above the omolateral or controlateral sinus. Peripheral interventions guiding catheters such as the cobra or hook or renal angioplasty guiding catheters may be useful during percutaneous interventions in patients with ectopic high origin from the ascending aorta. The ectopic origin of LCx from the right sinus of valsalva is the most frequent CAA. Since its retro-aortic course makes it relatively inaccessible to surgical revascularization, coronary angioplasty may be preferable. [26] Left Amplatz, Judkins right and right Amplatz guiding catheters have been suggested as the catheter of choice in the case of origin from the right sinus, whereas Judkins right, modified Judkins right and multipurpose guide catheters have been used in cases of origin from the right coronary artery. Use of extrasupport guidewire and balloon support in order to advance the guidewire should be always considered. [27] Challenging cases are represented by patients with ectopic origin from the opposite sinus: superimposed CAD has been reported to be suitable for endovascular treatment: [28] large guide catheters (left Amplatz No. 2-3), unusual types of guide catheter (Champ 1-2) and extra support guide wire should be considered in order to provide more back-up, to overcome the tortuosity and facilitate the lesion crossing ( Figure 4) . [29] Intravascular ultrasound (IVUS) guidance has been suggested as the main tool for successful angioplasty in such anomalies ( Figure 5 ). [30] Treatment of the functional squeezing of the proximal intramural segment of the anomalous vessels has been suggested but need further investigations. Critical technical issues remains the difficult cannulation and adequate back-up support with standard guide catheter due to the ectopic ostium which is usually juxtacommissural; the risk of aortic root dissection as a consequence of aggressive coronary dilation due to the hypoplasia of the intramural Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com segment of the anomalous vessel; the absence of intimal thickening in the intramural segment in which there is no adventitia; and finally, the likelihood more frequent restenosis due to the phasic compressive forces which certainly persist in patients with ectopic origin from the opposite sinus, even after stent implantation. Probably surgical revascularization remains the recommended management, although the result of CABG, reimplantation of the ectopic vessel and translocation of the pulmonary artery in order to solve the problem of an aortopulmonary scissor remain less than ideal. Moderately, stiff guide-wire as the Whisper ME or ES or the BMW Heavy weight (Abbot Corp.) can allow for a more coaxial position of the guiding catheter, leading to a proper opacification of the vessel and helping the correct stent placement. [29] Finally single coronary artery ( Figure 6 ) with superimposed CAD still remains a challenge for endovascular specialists ( Figure 7) . Although successful endovascular management has been reported by many authors, [31, 32] the amount of jeopardized myocardium involved in proximal lesions of the single coronary artery is in our opinion an absolute indication for surgical revascularization, whereas lesions of the distal segments or branches may be treated with angioplasty and stenting. Guiding catheter selection depends on specific cases. Moderately stiff guide wires are required to reach distal coronary segments and to allow stent-balloon system accessing to lesion.
Special considerations: myocardial bridges
Atherosclerosis was distinctly suppressed in the LAD http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology intima beneath muscular bridges irrespective of their anatomic properties. [33] Nevertheless myocardial bridges that vigorously compress the LAD during cardiac systole due to physical exertion might cause life-threatening events even among superficially "healthy" individuals without coronary atherosclerosis. [34] In asymptomatic patients no intervention is warranted. Although medical therapy with beta-blockers has been shown to alleviate angina symptoms and ischemia, similar results have been achieved by nitrates or calcium channel blockers. [35] In the past, surgery has been proposed in cases of severe muscular bridge with or without CAD: minimally invasive coronary artery bypass grafting without cardiopulmonary bypass. [36] The implantation of endovascular stents in muscular bridges has been though to prevent external compression of the coronary artery by providing internal scaffolding and to normalize the hemodynamic alterations caused by the anomaly but had a very high restenosis rate of 36%, [37] also with first generation drug eluting stent (DES). Currently, patients with myocardial bridges deserve only medical therapy.
Special considerations: coronary artery fistula
Ischemia or overload-related symptom, are the main indications for treatment. In asymptomatic patients, all fistulas with moderate to severe shunting should be closed, since the potential long-term complications are serious. [38] Multiple origins such as a complex, plexiform and diffuse vascular anomaly resembling a hemangiomas, are preferably managed by surgery with surgical epicardial ligation or endocardial ligation, [39] which have a recurrence rate of 22.2% and 16.6%, respectively. Endovascular treatment is recommended in the case of fistulas originating from the proximal coronary artery segments as a conduit that later develops into a maze of capillary vessels and includes: stainless steel and platinum coils and vascular plugs. Interlocking detachable coils can be delivered through a 3F microcatheter coaxially introduced in a 5 or 6F guiding catheter by sizing the coil 10%-20% larger than the diameter of the vessel as measured when occluded (Figure 8 ). In high flow fistulas, temporary balloon occlusion may be necessary to allow proper coil delivery. Success is reported around 40%-92%, [40] and a comparison between endovascular coil embolization and surgical ligation showed similar early effectiveness, morbidity and mortality. [41] Use of the Amplatzer Duct Occluder and more recently the Amplatzer vascular plug has been reported to be effective in treating large coronary-cameral fistulas, [42, 43] in which it is preferable to deliver umbrella device from the right ventricle in order to avoid coronary damage. Covered stent implantation to seal coronary fistulas has been reported in cases of concomitant fistula and coronary stenosis in the same vessels segment but is not justified in the absence of atherosclerotic disease of the native vessel. [44] In conclusion, CAAs represent a complex issue which rarely may involve cardiovascular professionals at different levels. A timely practical knowledge of the main issues regarding CAAs is important in the management of such entities.
